8 series of experiments were conducted at hippocampal slices of 4-week rats along with normobaric hypoxia modelling and change of nitrogen monoxide concentration in hippocampal tissue. Stem cells pool was found at Gyrus dentate (GD) and across slices in 90-100 sec after decapitation, elimination of brain and preparation of hippocampal slices with subsequent application at slices of FITC-conjugated monoclonal CD90 antibodies. Then hippocampal slices were incubated for 10 minutes in artificial cerebrospinal fluid, which contains 5 times less oxygen compared to recommended carbogen perfusion (95% O2 and 5% CO2). Fluorescent stem cells were found at Gyrus dentate and different parts of hippocampal slices periphery. Number of these cells in hippocampus increased in combination of hypoxia with L-arginine (nitrogen monoxide precursor) and dramatically decreased in combination with inhibitors of nitrogen monoxide synthase (L-NAME).
INTRODUCTION
Neural stem cells (SC) reveal in human and animal brain (hippocampus, periventricular regions, olfactory bulbs) initiated studies aimed at development of ways of endogenous activation of brain SC after traumas, strokes and other neurodestructive processes and diseases [1] [2] [3] . Such studies are conducted both in vitro -SC cultivation from Gyrus dentate (GD) -and in vivo on experimental animals to test the influence of different chemical or physical factors which are able to enhance reparative potential of neural SC and processes of destroyed neural networks recovery in brain and spinal cord when used in whole organism [4] [5] [6] . Guiding principles for the care of experimental animals initiate the search of new technologies of approbation of above-mentioned techniques during in vitro and in situ modelling. Such tactics is accompanied with lowering the number of experimental animals needed for study.
OBJECTIVE
Current study was aimed at conducting analysis of possible reparative potential of Gyrus dentate SC during in vitro testing of different substances on survival hippocampal slices. It is real to incubate repeatedly the slices with different ligands in different concentrations because one animal can give up to 16 slices 400 µm in thickness. Therefore, 16 various influences can be easily modelled at hippocampal slices of a single animal. The study was also subjected to verification of hypothesis on reality of SC distribution monitoring in different regions of hippocampal slices after short-term exposure to nitrogen monoxide (NO) ligands action in combination with hypoxia.
MATERIAL AND METHODS

HIPPOCAMPAL SLICES
The experiments were conducted in accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and under protocols approved by the Institute of Physiology Animal Care and Use Committee. All observations were organized on survival hippocampal slices eliminated from 4-week rats (n=5). Slices were placed into artificial cerebrospinal fluid (ACSF) solution maintained at 2-3°C. Transverse hippocampal slices 400 µm in thickness were separated from ACSF solution using microtome (Leitz, Germany) with cooling section, which maintains temperature at 3-4°C level [7] . Then the slices were incubated in ex tempore prepared ACSF at 28°C for 30 minutes; ACSF was saturated with carbogen (95% O 2 and 5% CO 2 ) and contained (mmol/L): 124.0 NaCl; 3.0 KCl; 1.25 KH 2 PO 4 ; 1.2 MgCl 2 ; 2.0 CaCl 2 ; 26.0 NaHCO 3 ; 10.0 glucose; pH=7.4 [7] . Slices were put into incubation setter with constant ACSF flow after preincubation (ex tempore). Perfusion rate was 4.0 ml/min. Experiments were carried out at 28.9°C temperature of solution. In order to model normobaric hypoxia slices were incubated in ACSF previously perfused with mixture containing 5% CO 2 and 21% O 2 for 10 minutes. Therefore, oxygen content in ACSF was almost 5 times lower after 10 minutes of incubation. Slices were grouped up for eight different subsequent exposures (each group had 10 slices and 5 rats). Slices from group 1 were immediately fixed in formalin for histological examination. Slices from group 2 were subjected to normobaric hypoxia by perfusion with gas mixture of 5% CO 2 and 21% JSCRT Volume-1 | Issue-1 December, 2016 O 2 for 10 minutes right after elimination of hippocampus from rat's brain and cryostatting. Slices from all other groups were incubated in ACSF saturated with carbogen (95% O 2 and 5% CO 2 ) for one hour and then subjected to experimental exposures. Therefore, group 3 contained slices after incubation in saturated with carbogen ACSF. Slices from group 4 were incubated in ACSF with carbogen for one hour and then exposed to gas mixture containing 5% CO 2 and 21% O 2 for 10 minutes. Infusion of L-arginine (10 µmol, 1 ml) was performed into flow system with ACSF for 10 minutes in group 5. Slices from group 6 were subjected to hypoxic exposure for 10 minutes (5% CO 2 and 21% O 2 in ACSF) and simultaneous infusion into flow system L-arginine solution (10 µmol, 1 ml) for 10 minutes. Group 7 received infusion of L-NAME solution (10 µmol, 1 ml of L-NAME) into flow system for 10 minutes. Slices from group 8 were subjected to hypoxic exposure for 10 minutes (5% CO 2 and 21% O 2 in ACSF) and simultaneous infusion into flow system L-NAME solution (10 µmol, 1 ml of L-NAME) for 10 minutes.
IMMUNOCYTOCHEMISTRY
Hippocampal slices 400 µm in thickness were placed at the table of HM525 cryostat (Germany) for fast defrost and subsequent histological examination. The table was previously coated with Neg 50 medium to defrost slices. 5 slices 8 µm in thickness were obtained and then at previously degreased in Nikiforov mixture (ethanol-ester 1:1) slides. Then obtained slices were fixed in 96% ethanol for 24 hours. Slides were removed from ethanol in 24 hours kept for 15 minutes to evaporate ethanol remains. Solution of monoclonal FITC-labeled (Sigma, USA) antibodies to CD 90 (10 µl) was applied at fixed medium to reveal SC. Then cells with FITC-labeled antibodies were incubated for 25-45 minutes at 37°C. 20 µl of fetal bovine serum was added for 20 minutes and then twice washed in phosphate buffer solution in order to avoid nonspecific binding. Fluorescent microscope MPV-2 (Leitz, Germany) with camera Leica DC 300F (Germany) was used for shooting at 16-fold increase.
DATA ANALYSES
The results are shown as mean ± SEM. The unpaired Student's t-test and non-parametric Mann-Whitney test were used for comparison between two groups. The statistical significance criterion was set as p < 0.05.
RESULTS AND DISCUSSION
Patterns of SC distribution in different regions of survival hippocampal slices were studied in 8 series of experiments in normobaric hypoxia modelling by lowering oxygen content almost by 5 times in incubation medium and/or incubation of slices in ACSF containing NO precursors or NO-synthase ligands.
As it is written in detail in material and methods, Zeiss AxioVert 200M fluorescence microscope with Zeiss AxioCam HRm CCD camera was used to assess presence and distribution of neural SC in 8 µm slices. Figure 1A shows distribution of fluorescent SC in GD of hippocampus. Please, pay attention that brain slices were obtained in two minutes after decapitation of 4-week rats weighing 40-45 g. These slices contained SC pool in the region of GD and small groups of SC in separate parts of hippocampus largely along the edge (Fig. 1B) (Fig. 1B) . Slices were put into ACSF and perfused with mixture containing 5% CO 2 and 21% O 2 for 10 minutes in the second series of experiments. It is necessary to mention that brain slices -due to regional blood flow absence -are usually placed in vitro into incubation medium (ACSF) containing carbogen (95% O 2 and 5% CO 2 ) to prevent consequences of normobaric hypoxia [7] . Therefore, decrease of oxygen content by almost 5 times acts in fact as hypoxic exposure at survival brain slices, leading to reactive changes in brain tissue and diffuse distribution of single neural SC (5.0±1.0 cells per 0.05 m 2 ) in different regions of hippocampus (Fig. 1C) . All other hippocampal slices were placed into constantly saturated with carbogen (95% O 2 and 5% CO 2 ) ACSF right after their elimination from brain. Diffuse distribution of single SC is revealed again in such ACSF in one hour of incubation in all regions of hippocampus (4.0±0.5 cells per 0.05 m 2 ) (Fig. 1D ), but fluorescence of SC in GD fades away. One can get the impression that SC pool in GD of hippocampus is depleted due to SC distribution in damaged regions of slices. It would seem that aforesaid point of view has been proven by the results of experiments, where exposition of slices in hypoxic ACSF in an hour of incubation in ACSF saturated with carbogen is accompanied with distribution of both single and SC groups in different regions of hippocampal slices, more common at the edges (Fig. 1D) . The next stage of the study included infusion of L-arginine solution (1 ml, 10 µmol) into flow system for superfusion of hippocampal slice in incubation camera. Single fluorescent SC diffusely distributed over all hippocampal regions except GD (zero cells per 0.05 mm 2 ) were revealed in 10 minutes of slice superfusion with NO precursor (L-arginine) (Fig. 1E) . Therefore, additional formation of NO from L-arginine (that we previously proved with atomic force microscopy [8] ), did not contributed to activation of SC migration processes in hippocampus that could probably happen due to double role of NO in brain: adjusting character on the one hand and -on the other hand -peroxynitrite formation that activates protective mechanisms against hypoxia in the organism including initiation of SC migration processes [9, 10] .
Hypothesis on activating effect of hypoxic factor in combination with NO precursor (L-arginine) on migrating processes of SC in brain tissue was verified in the next observation. Combination of these two factors was accompanied with appearance of the biggest amount of fluorescent SC in GD (17.0±1.5 cells per 0.05 mm 2 ) in 10 minutes of observation (Fig. 1F) . Diffuse distribution of SC was also visualized in different regions of hippocampus besides SC fluorescence in GD. Therefore, namely hypoxic factor becomes such a trigger for SC migration processes in hippocampus, but NO only enhances migration effects under normobaric hypoxia [10, 11] . Additional NO appearance in hippocampus after L-arginine application is determined by enzyme activity of NO synthase, that is why it would seem reasonable to test a hypothesis on SC migration processes change in hippocampus after inhibition of NO synthase activity. Infusion of NO synthase inhibitor (10 µmol, 1 ml of L-NAME) in combination with hypoxic factor effect was performed for 10 minutes according to the above mentioned technique in one hour after incubation of hippocampal slices in ACSF saturated with carbogen. Such combined effect of NO synthase inhibitor and hypoxic factor was accompanied with appearance of cell clusters in different regions of hippocampus, especially at CA1 and CA3 regions (9.0±1.5 cells per 0.05 mm 2 ) (Fig. 1G) . One more observation was made in order to answer the question whether hypoxia or L-NAME mainly cause appearance of fluorescent SC in CA1 and CA3 regions of hippocampus. Slices were incubated for 10
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Volume-1 | Issue-1 December, 2016 minutes in ACSF previously infused with L-NAME solution (10 µmol, 1 ml of L-NAME). Only single fluorescent SC was revealed in different hippocampal regions in 10 minutes (Fig. 1H) . Consequently, change of NO level in hippocampal tissue with activators or inhibitors of NO synthase plays such a modulating role [10, 11] and does not accompanied with radical changes in SC distribution in different regions of hippocampus. Even minor inhibitory effect of NO ligands at SC content in GD was detected after combined exposures on hippocampal slices.
Therefore, the role of normobaric hypoxia as peculiar activator of neural SC migration processes in hippocampus was stated in vitro on hippocampal slices. Decrease of O 2 content in ACSF by almost five times compared to recommend oxygen saturation during incubation of survival brain slices naturally worsens dynamics of metabolic processes in brain [10, 11] . Therefore, destructive processes begin developing in 10 minutes of hypoxic factor exposition in survival slice of hippocampus [10] . It is known that development of neurodestructive processes is one of the factors of activation and movement of neural SC towards damaged brain region first of all to initiate reparative processes [12, 13] . Observations on characteristic distribution of substantial SC amount distribution across slices of injured brain region during the process of hippocampus elimination from brain bear a witness of above mentioned point of view (Figs. 1B and 1D ).
The fact of SC appearance was stated in vitro both in GD region and other sites of hippocampal tissue damage due to its elimination from brain. The number of fluorescent SC progressively decreased with time after elimination of hippocampus from rat's brain; in addition, small SC populations began visualizing outside GD and especially across hippocampus in injured regions. It is notable that SC were detected only in GD right after elimination of hippocampus and preparing of slices (in 90-100 sec), but not along the slice edges. However, single SC began appearing in hippocampal tissue near GD that hypothetically indicated SC movement towards damaged regions at hippocampal edges. The fact of SC movement towards damaged zones of nerve tissue is known [6, 9, 11] , and experimentally proved in vivo [12, 13] . Performed in vitro investigation presents evidence for location and movement of SC in survival hippocampal slices. Hypothesis on SC migration in survival hippocampal slices was validated in series of experiments, when exposure of hypoxic factor was accompanied with fluorescent SC in traditionally studied areas of neuron clusters in hippocampus, especially in zones СА1 and СА3 (Fig. 1G ). An interesting effect was established in experiments with normobaric hypoxia modelling in survival hippocampal slices, when SC began appearing both in regions of brain mechanical damage and zones with neuron pools (CA1, CA3). Metabolic processes, accompanied with neurodestruction, develop in hippocampal tissue in normobaric hypoxia modelling because of the absence of blood flow and conditions for adequate oxygenation in survival slices. Therefore, taking into account neurodestruction in hippocampal slices in normobaric hypoxia modelling, the process of SC migration towards both regions of mechanical damage and areas of neuron clusters can be explained because neurons are especially sensitive to oxygen saturation fall compared to, e.g., glial elements.
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[ Figure 1] [The distribution of fluorescent (CD90, FITC) stem cells in rat hippocampal slices: A -in dentate gyrus two minutes after the decapitation of rats; B -on edge of hippocampal slice two minutes after the decapitation of rats; C -10 minutes after the perfusion of hippocampal slices with artificial cerebrospinal fluid saturated with 5% CO 2 and 21% O 2 ; D -one hour after the perfusion of hippocampal slices with artificial cerebrospinal fluid saturated with 5% CO 2 and 95% O 2 ; E -10 minutes after the perfusion of hippocampal slices with L-arginine (1 ml, 10 mmol) in the artificial cerebrospinal fluid saturated with 5% CO 2 and 95% O 2 ; F -In dentate gyrus ten minutes after the perfusion of hippocampal slices with L-arginine (1 ml, 10 mmol) in the artificial cerebrospinal fluid saturated with 5% CO 2 and 21% O 2 ; G -10 minutes after the perfusion of hippocampal slices with NO-synthase inhibitor (10 micromolar, 1 ml of L-NAME) in the artificial cerebrospinal fluid saturated with 5% CO 2 and 21% O 2 ; H -10 minutes
